A dverse events (AEs) occur in health-care settings worldwide; 1, 2 it is estimated that between 30% and 50% of these events can be prevented. [2] [3] [4] [5] This issue gained popularity in 1991 after the publication of the Harvard Malpractice Study, which provided population-based data demonstrating that substantial numbers of patients were being harmed during the provision of hospital care. 6 In 2000, the Institute of Medicine (IOM) estimated, for the United States, up to 98,000 deaths per year resulted from iatrogenic harm during inpatient care. 7 It is generally accepted that AEs occur in approximately 10% of hospital admissions internationally. [2] [3] [4] [5] 8 These landmark studies have spawned a growing field of patient safety (PS) research over the subsequent 2 decades. In 2002, the resolution 55.18 of the World Health Assembly has recognized AEs as a public health concern. 9 Definitions for PS, patient safety incident (PSI), and AEs have been developed (Table 1) . Also, the field has moved on from describing the extent of harm to the underlying causes and, more recently, interventions designed to reduce harm. 13 However, progress in primary care is more limited, [13] [14] [15] [16] particularly in dentistry, 17, 18 probably due to the assumption that this sector is safer than the hospital sector. 19 Nonetheless, injuries with varying degrees of harm can occur among dental patients. [20] [21] [22] The introduction of Incident Reporting Systems (IRSs) has been recommended, 23 although only some researchers have studied this resource. 24 Moreover, the efficacy of current PS strategies in dentistry is unclear because they have not been tested. 25 Research into the conceptual understanding of PS and epidemiology of PSIs in dentistry is needed. 25 National Dental Associations have called for more information about unsafe dental care and for promoting learning lessons from errors. 26 However, the scope of the current field of research is not clear, and no concerted efforts have been made to date to systematically scrutinize existing empirical evidence. This study will systematically scope the global literature surrounding the range and frequencies of PSIs and AEs arising from ambulatory dentistry. This review is important and timely, given the World Health Organization's (WHO) emerging agenda for "Safer Primary Care," 27 advocating a better understanding of PSIs, AEs, and key knowledge gaps in primary care PS.
METHODS
We undertook a systematic scoping review of the literature 28, 29 based on the framework developed by Levac et al 29 and drawing on systematic review principles. In contrast to systematic reviews, this technique is recommended to map broad topics, especially where the body of evidence is still emerging.
28,29

Data Sources and Search Strategy
We searched sources in MEDLINE and EMBASE using a set of medical subheading (MeSH) and free-text terms (Appendix 1). The year of publication of "Error in Medicine" 30 was chosen to initiate the screening period, which ranged from January 1994 to January 2015. A "snowball" approach 31 was used in all the eligible full-text articles to identify any additional relevant publications.
Eligibility Criteria
We included cross-sectional studies that reported any type of event that could have or did result in unnecessary harm due to ambulatory dental care. Dental ambulatory care settings included all individual, community practices, private practices, and hospital outpatient clinics. 32 Articles were excluded if harm or potential harm was not the main outcome, such as papers addressing the effectiveness of treatments (eg, bleaching procedures). Opinion studies, forensic studies, disease risk management, and recommendations for antibiotic prophylaxis and treating patients with preexisting medical conditions or occupational hazards were also discarded.
Articles that reported PSIs or AEs but did not report frequencies were eliminated.
Types of Included Studies
Only epidemiological studies (eg, descriptive and analytical studies) were considered for inclusion.
Outcome Measures
The primary outcomes were PSIs and AEs as defined in Table 1 .
Study Selection
Two reviewers (E.E.C. and M.F.S.O.) independently reviewed the articles for inclusion. The citations were imported into EndNote 6 software 33 where all duplicates were deleted. Initially, only the title and abstracts were screened. Then, full-text copies were obtained and assessed for eligibility. If not available, authors were contacted, and a copy was requested. In case of a disagreement, a third reviewer (A.S.) was consulted. The reporting of the results followed the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) checklist. 34 
Data Extraction and Analysis
Data were extracted into a customized form in Microsoft Excel 2011 software. 35 The main categories for data extraction (Table 2) were agreed by the reviewers. They met after extracting the first 5 articles to determine if the extraction approach was consistent with the objectives of the study. Working definitions for PSIs and AEs were recorded.
Data Summary and Synthesis
The scoping review method retrieves a wide variety of heterogeneous articles. 36 As we anticipated this, along with different study settings and definitions, we did not seek to generate summary estimates. Instead, frequency ranges of PSIs and AEs were described according to the conceptual groups we identified.
RESULTS
A total of 8386 potentially relevant articles were retrieved, from which, 40 were included (Fig. 1) . The general characteristics of these articles are displayed in Table 3 . The relative percentage of publications substantially increased from 15% (n = 6) in the first 4 years (1994-1998) to 37.5% (n = 15) in the last 4 years (2011-2015). Health-care systems in high-income economies were the source of the majority of the publications (92.5%, n = 37) in which general dentistry ranked as the top discipline (27.5%, n = 11), followed by endodontics, legal medicine, and studies reporting various disciplines (15%, n = 6 each). Fewer articles were found for oral surgery (12.5%, n = 5), pediatric dentistry (7.5%, n = 7.5), implantology (5.0%, n = 2), and orthodontics (2.5%, n = 1). Most studies concerned private practices (72.5%, n = 29) and dental schools (22.5%, n = 9), whereas only 5% were conducted in outpatient hospital clinics (n = 2).
Documentary review (75%, n = 30) and structured questionnaires (25%, n = 10) were the only methods identified for data collection. The sample sizes varied substantially from 11 to 2,830,000 participants. None of the included articles used a randomized sample.
Key Findings
Types and Frequencies of PSIs
Initially, PSIs were organized across 3 stages that were conceptualized as the period before clinical treatments were carried out (preoperative stage), the period of clinical treatment (intraoperative stage), and the period after the clinical treatment (postoperative stage). Then, PSIs and their frequencies were grouped and presented across the main 3 identified measurement methods (Table 4) . Based on this, our results show that malpractice cases and surveys were the methods that contributed the most to identify diverse types of PSIs.
Errors concerning administrative processes, 37 
Concept Definition
Patient safety The reduction of risk of unnecessary harm associated with health care to an "acceptable minimum". 10 Patient safety incident An event or circumstance that could have resulted, or did result, in unnecessary harm to a patient. 10 Clinical error The failure to carry out a planned action as intended or the application of an incorrect plan.
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Harm Impairment of structure or function of the body and/or any deleterious effect arising, including disease, injury, suffering, and death. 10 Adverse event An injury that was caused by medical management or complications instead of the underlying disease and that resulted in prolonged hospitalization or disability at the time of discharge from medical care or both. Near miss An incident which did not reach the patient. 10 Injury Damage to tissue caused by an agent or event. 10 Never events Serious, largely preventable patient safety incidents that should not occur if the available preventative measures have been implemented. extractions 58 and jaw fractures, 63 respectively. Intraoperatively, confusion of the operator led to wrong tooth extractions. 58 Procedural errors included technical errors, broken instruments, and tooth perforations. 37, 44, 46, 47, 52, 53, 61, 69, 71, 73 Inhalation and ingestion of foreign objects were related to broken instruments and flaws in handling small objects. 60 Drug prescription errors emerged postoperatively, 37, 52, 61, 73 along with flaws in follow-up of patients seeking legal assistance. 37 
Types and Frequencies of AEs
A distinction became apparent between local AE outcomes, which concerned the oral cavity and surrounding areas, and systemic AE outcomes, which involved the systemic effects of local anesthesia (LA), general anesthesia (GA), and sedation. 41, 43, 45, 63 This distinction was used to group the identified AE outcomes shown in Table 5 . Then, the variety of PSIs and their frequencies were grouped and presented across the main 3 identified measurement methods. Based on this, our results show that malpractice studies again contributed most to the identification of AEs. However, the outcomes concerned mostly local AEs with little attention to systemic AEs. The latter were generally identified by surveys and record reviews. Within local AE outcomes, nerve damage emerged after LA administration or after surgical procedures. 38, 55 For systemic AEs, cardiovascular events included angina pectoris, myocardial infarction, and stroke 43, 47, 66 Death was reported as a consequence of flaws in LA administration, sedation, and GA. 38, 40, 50, 62, 65, 73 
DISCUSSION
Patient safety research has been largely unexplored in dentistry, 17, 18, 25 and the epidemiology of PSIs, 18 AEs, and PS concepts in this field are poorly understood. 18, 25, 26, 74 This work is, to our knowledge, the first systematic approach to scope the types and frequencies of PSIs and AEs in ambulatory dentistry. We found that PS research is still immature as most of the current work is descriptive. It is also difficult to generalize from existing studies because of differences in underlying definitions, varying methodological approaches, and differing patient populations.
The majority of existing work also comes from a limited number of high-income countries. However, this study demonstrates a growing interest in PS research in ambulatory dental care contexts and provides an insight into existing approaches that have begun seeking to understand the reasons underpinning PSIs.
Types of PSIs
The main 5 PSIs we identified were errors in diagnosis and examination, treatment planning, communication, procedural errors, and accidental ingestion or inhalation of foreign objects. The main source for these were malpractice cases and surveys, which represented almost 50% of the included articles. Record review contributed least to characterize PSIs.
Because of the scarcity of existing research in dentistry, our results cannot be compared within the same discipline. However, our findings were similar to the work reported by Rees et al analyzing PSI reports in primary care. 75 It is also important to keep in mind that PSIs and AEs are not limited to individual performance. 76 The framework developed by Vincent et al for analyzing risk and safety in clinical medicine 77 and the model of organizational safety developed by Reason, 11 differentiate errors made by people (active errors) from errors emerging from the organizational structure of health-care delivery (latent errors). These have been incorporated into other frameworks such as the Yorkshire Contributory Factors Framework of PSIs in hospital settings. 78 Our results show research gaps relating to organizational factors such as flaws within the physical environment, scheduling and patient management, lines of responsibility, and the influence of policies.
Our findings also extend those from Bailey et al 25 confirming that no agreed standardized terminology has been used for the past 20 years. As Ioannidis pointed out: "The greater the flexibility in designs, definitions, outcomes and analytical modes in a scientific field, the less likely the research findings are to be true." 79 Therefore, evidence from large-scale epidemiological studies with robust methods should now be considered for generating more reliable findings. 
Types of AEs
Our findings suggest that the main reason for reporting PSIs and AEs is the severity of harm. 38, 42, 44, 46, 50, 52, 55, 56, 62, 65, 68, 73 Harm itself might need to be severe enough to raise sufficient concern for patients to seek legal and financial compensation. 74, 81 We also identified other AEs such as nerve damage, 38, 42, 46, 55, 56, 62, 64, 68, 72, 73 posttreatment infection, 42, 46, 47, 50, 52, 56, 57, 61, 62, 69, 73 prolonged pain, 44, 52, 56, 68 and temporomandibular complications 56, 62, 68, 73 that are nonimmediate AEs and can take weeks or months to be detected after treatment. These represent a challenge relating to identification and correlation with errors.
In addition, reported AEs may constitute the tip of the iceberg as near misses and less severe AEs can remain highly unreported. 80 Here, our findings demonstrate that little is known in relation to PSIs leading to less severe harm or no harm. Moreover, we only identified 2 surveys that reported near misses. 61, 69 Near misses represent a valuable source of information and learning, which can be obtained from IRSs. 75, 82 These data can then be used for understanding the nature of error and causes of harm to patients.
Thusu et al 24 identified injuries, medical emergencies, inhalation and ingestion of foreign objects, adverse reactions, and wrong tooth extractions as the main areas of concern in ambulatory dental practices within the National Health Service in England and Wales. In addition, the Council of European Dentists has recommended the introduction of Patient Safety Incident Reporting Systems for "…voluntarily and anonymously reporting adverse events, near misses and problems with medical devices, to enable all dentists to learn from their own and others' experiences." 23 Developing such reporting systems for dentistry is a necessary next step.
Our results also show a distinction between local and systemic AEs. This finding compares well to a similar distinction made by Obadan et al, after analyzing dental adverse case reports (published after the period covered in our study). 83 We believe this distinction should be considered for reporting further primary research and for the development or adaptation of taxonomies for PSIs and AEs in ambulatory dental care. Agreed standardized definitions and terms will enable further comparisons between studies as new evidence is reported. A common PS taxonomy, such as the WHO's International Classification for Patient Safety, 10 will support such efforts.
Implications for Policy and Practice
Compliance with patient safety-focused protocols, simplification of tasks and procedures, adequate PS training, fatigue management, and the availability of adequate informational resources are other potentially transferable strategies obtained from human factors research in medicine. 84 Administrators, dental associations, and policymakers should begin deliberating how to reduce risk in dentistry. 85 For this, a formal national PS agenda is needed that takes into account how dentistry is organized and financed within different countries.
Standardized concepts of PSI, AE, and particularly never events (NE), need to be implemented across the profession, ensuring appropriate clinical governance to monitor and learn from NEs. Policies like the Framework for the Identification and Management of Never Events 12,86 from the NHS should be developed --and introduced in dentistry. Also, advocates for specialties are needed 87 and dentistry is no exception. In response to the WHO Safer Primary Care report, 27 unsafe dental care needs recognition, and all efforts should work under a similar agenda to primary care, identifying priority areas and key knowledge gaps, and developing interventions for reducing preventable harm. 88, 89 We believe our findings can inform these deliberations as our work has identified the main threats to PS in dentistry, 85, 90 and the existing reported nature and scale of harm. These findings can now be used to set priorities for action. 91 Dentistry has been a challenging field for measuring the quality of care as many treatments do not follow clear established evidence-based guidelines. 92 These should therefore be developed for further implementation and evaluation research. Moreover, a national regulatory body for PS practices is needed, supported by legal bodies and governed by agreed standards of performance. 93 Data from IRSs need to be part of this continuous quality improvement agenda, 94 and these now need to be developed for dentistry. 23, 95 An ongoing study for the characterization and development of classification systems of PSIs through the efficient interrogation of unstructured text 96 shows how data from IRSs can be used in dentistry.
However, a likely difficulty exists around how to most effectively foster an environment receptive to change. 91 Facilitators for a PS culture include the recognition of the risks of oral health-care delivery through all health sectors and dental associations, and the integration of PS into the curricula of dental schools and within existing organizational structures. 85 The multi-professional guide for PS developed by the WHO 97 and online courses such as those provided by the Institute for Healthcare Improvement Open School [98] [99] [100] are valuable resources to help dental schools to integrate PS education into the professional curricula in dentistry. This should be integrated with national PS strategy at a national level. 
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Strengths and Limitations
This study has provided a comprehensive overview of an underexplored field through systematic methods following published guidelines. 28, 29 Because of the lack of standardized terminology, the search strategy comprised broad terms to retrieve as many potential articles as possible. Quality assessment is not a component of scoping reviews, and this step was therefore not undertaken. 36 We anticipated to retrieve a wide variety of studies as the scoping review method allowed us to cover a broad literature base. 36 However, the heterogeneity of evidence also posed challenges for the interpretation of data. To address this, the emerging AEs and PSIs were grouped into the major concepts shown in Figure 2 . Data from each article was generated for specific and narrow objectives, which represented a challenge for data extraction. However, our findings were synthesized 101 and integrated in Tables 4 and 5 . Moreover, we did not identify enough evidence to either justify a systematic review or meta-analysis or to provide pooled estimates.
Recommendations for Further Research
Future research must embrace robust primary research designs and methods with agreed working definitions 10 and theoretical frameworks already developed in medicine.
11,77 Subsequent research should also focus on the characterization of PSIs and AEs through the analysis of data already available from IRSs or other surveillance systems. The results should be used to develop a classification system to maximize learning from reports describing PSIs and AEs. 87, 96, 102 In addition, existing reporting systems such as the National Reporting Learning System contain freenarrative descriptions, 24 and natural language processing offers a set of informatics tools capable of transforming text into a structured format that can be used to extract data. 103 Also, a set of never events for ambulatory dentistry is needed. 17 Its development and validation through formal consensus techniques are part of our future work. This list will then be used to identify which events should be the subject of future descriptive, in-depth, and interventional research.
CONCLUSIONS
This systematic scoping review demonstrates that the accumulated knowledge for the past 20 years on PSIs and AEs in ambulatory dentistry is immature. As our findings suggest, there is a pressing need for high-quality primary research studies to help further develop the still relatively nascent field of PS research in dentistry. Our results also provide an evidence-based baseline to characterize PSIs and AEs and identify key areas for further descriptive, in-depth, consensus-building, and experimental research to move the field on. We expect our findings to raise awareness of PS in dentistry and encourage researchers from different disciplines to engage in further research opportunities than can be translated into effective evidence-based interventions.
